This paper presents the design process of the Cañadón del Duraznillo Interpretation Center, located in the San Jorge Gulf in the Argentine Patagonia. This project was commissioned as a result of the creation of the Cañadón del Duraznillo Nature Reserve on the Atlantic coast of the Province of Santa Cruz, Argentina with the aim of preserving the biodiversity of the sea-coastal environment associated with the Patagonian Steppe. The Interpretation Center program includes a multi-use space meant for exhibitions, conferences and film projections; an administrative office, a house for a park ranger and a room for guest researchers. From the first morphological sketches to the selection of materials and working details, this design process was guided by simulations and studies of the environmental conditions specific to this particular case, as well as by guidelines and general recommendations appropriate for this climate and geographical location gathered from previous design experience and specialized literature. The studies performed included simulations of direct sunlight, solar radiation, wind, natural daylight and thermal characteristics of the building skin. The aim of this paper is to present a specific case of energy efficient and environmental low-impact architecture and to examine the methodological productivity of architectural design assisted by bio-climatic studies in the lab.
meteorological station with complete records, located in Puerto Deseado (Latitude: 47º44´S -Longitude: 65º55´W -Altitude: 80m).
The medium temperature oscillates between approximately 15ºC in January and 3ºC in June and July. The maximum values are typically recorded in January, with 21.5ºC being the average maximum, and 34.6ºC the absolute maximum. The minimum values, in June and
July, reach an average minimum of 0.6ºC and -10ºC of absolute minimum (Figure 1 ).
According to the recorded data, and following the 'Degree Day' (DD) indicator, the energy demand on site is fairly elevated: 2551 DD, with 7 months of cold days, cold nights during the whole year, 5 months in which the thermal amplitude is higher than 10ºC, and 5 months with daytime heat.
The relative humidity, with average values between 57% and 79% (Figure 2 ), in this case does not represent a variable that could significantly affect the bioclimatic comfort zone. The humidity levels registered do not require specific ventilation strategies. The rainfall is low, thus it is difficult to grow vegetation without artificial irrigation. This characteristic of the climate limits the range of resources available to achieve protection from the strong Patagonian winds. The predominant wind comes from the West, with an annual frequency of 33% and a variation between 28% in summer and 40% in winter. The annual average speed is 28 km/hour, with a variation of the average value between 30 km/hour in summer and 24 km/hour in winter. The secondary wind comes from the South West with an annual frequency of 27% (28% in winter and 26% in summer) and average speeds similar to those of the West wind. In total, the sum of the winds from West and South West comprise a 60% of the records (Figure 3 ).
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Design Strategies
The Interpretation Center project was a result of the creation of the Cañadón del Duraznillo Nature Reserve, located on the Atlantic coast of the Province of Santa Cruz, Argentina, 169km from Caleta Olivia and 120km from Puerto Deseado, with the aim of preserving the biodiversity of the sea-coastal environment associated with the Patagonian Steppe. The
Interpretation Center program includes a multi-use space meant for exhibitions, conferences and film projections; an administrative office, a house for a park ranger and a room for guest researchers.
Apart from the studies and simulations above mentioned, another determining factor that conditioned the design process and selection of the materiality of the project was related with the availability of economic and technical resources. One of the preliminary stipulations was the determination of using a construction system of preassembled panels that could reduce the works on site to approximately a week. This decision was not only based on economic reasons -given the remoteness of the place, the transport of workers and materials typical in traditional constructions becomes an important item in the budget in this case -but also it was based on the aim of minimizing the construction works on site, and thus reduce the waste produced, energy use and disturbance of the tranquility of the site.
The preassembled panel system adopted, with balloon frame structure and exterior waved tin http://www.fec.unicamp.br/~parcp esqui 37 
Wind
The main objective of the wind studies was to verify the design decisions taken in relation with the shelter of the access to the building and potential use of outdoor spaces. With this aim, simulations of speed variation and detection of still zones were performed in the Wind Tunnel.
The speed values were registered with a hot-wire anemometer in 8 points selected (Table 1 and Figure 9 ) for both predominant wind directions (W and SW). As a result of these studies and a theoretical analysis of the model, the 'wind shadows' were estimated de Schiller, 1994 [1988] , p. 94) and the diagrams drawn (Figures 10 and 11) The elevation with the highest proportion of glazed area is that of the North, with a 19.1%. This is the elevation that receives less direct solar radiation in summer and more in winter (Table 2 ). The West face is the one with less glazed area (1,71m2), so thermal gains in the afternoons are avoided during summertime. Although the East and West elevations receive the same amount of radiation, in the case of the East face it was possible to increase its proportion of glazed area, given that this side collaborates with the early warming up of the building, without being able of overheating the indoor air.
http://www.fec.unicamp.br/~parcp esqui 41 These simulations were not only developed to verify the final model, but also were useful to re-elaborate and adjust former models, which along with sunlight studies guided the design and position of the openings. In the process of deciding the final version, models with horizontal windows, with less and more glazed area and positioned with different distances,
were assessed.
The adopted model achieves a good daylight distribution; more than 90% of the plan receives a Daylight Factor higher than 2%. The Norm IRAM AADL 20.03 considers 'acceptable' the DF values higher than 2%, represented in Figure 15 within the spectrum of light green to red colors.
Thermal Characteristics of the Envelope
The control of heat loss is a fundamental design factor in cold climates, as it is the case of this site in the Atlantic Patagonia. The incorporation of good levels of thermal insulation allows a http://www.fec.unicamp.br/~parcp esqui 43 reduction of heat demand, avoids the risk of superficial condensation and provides comfortable thermal conditions for users. In order to reduce thermal loss from heated spaces is necessary to consider the following factors:
To achieve a low thermal transmittance of walls, roofs and windows, in order to reduce the heat flow from indoor spaces to outdoor.
To reduce the total exterior area of the envelope through the adoption of a compact building form.
To locate the spaces with lower heat demand, such as the entrance hall and restrooms, as a buffer zone, protecting the heated spaces.
To control the ventilation rate, with double doors in the accesses, oriented to be sheltered from predominant winds.
With the aim of verifying the thermal insulation of the building, the levels of thermal transmittance of the design envelope were compared to those recommended by norms IRAM 11.605 for walls and roofs and IRAM 11.601 for windows. The parameters of the norms IRAM 11.900, with regard to the certification of energy efficiency, and IRAM 11.625 and 11.630 for superficial and interstitial condensation risk, were also examined.
The thermal transmittance of walls and roofs are Level B 'good', significantly lower to the minimum allowed for this category and closer to the Level A 'optimal' (Figure 16 ). The heat loss in the roof during winter is 29% higher than a roof Level A, but also 50% lower than a roof that achieves the minimum requirements of one Level B. Heat loss in walls is 18%
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higher than a wall Level A, but 56% lower than a wall labeled Level B with minimum requirements.
In order to assess the thermal behavior of the building, establish the conditions in which no heat is required and determine the overheating risk, a number of simulations of indoor temperature in winter, equinoxes and summer were performed for the bedroom and dining room spaces. The charts in Figure 17 indicate the time variation of outdoor and indoor temperature during a period of 24 hours. The simulations use meteorological data of temperature in a typical, or warmer than the average, day, with data of the medium intensity of solar radiation.
The results show that a stable indoor temperature is kept with limited variations, despite the light construction and the variable solar gains. The thermal insulation levels are enough to keep a temperature raise of 4ºC in summers, 8ºC in October and 5ºC in winter. This difference is the result of the variation of the incidence of solar rays, with a solar penetration more favorable in October-November and March-April. In winter, when the intensity of the sun is lower and sunny days are fewer, there is a reduction in the advantage that can be taken from this renewable energy for heat. 
Conclusions
The building form effectively protects the accesses from the predominant winds, especially those of the west, and does not provoke wind accelerations in any of the points studied in the http://www.fec.unicamp.br/~parcp esqui 45
Wind Tunnel simulations, which were selected based on their strategic relevance in the project.
The solar radiation studies verify the adoption of the building form and the design of the openings with their largest areas facing the north. The performance of the conservatory is most favorable: the direct solar gains increase while outdoor temperature decreases, getting to the maximum gain during the winter solstice. On the other hand, the daylight simulations performed confirm the suitability of the design of the windows. Their vertical proportion and position in the center of each module, respecting the rhythm and spatial and constructive modulation, favors the light distribution, especially considering the potential inclusion of internal divisions with exhibition panels.
Finally, after the study of the thermal characteristics of the envelope in relation to the initial recommendations and IRAM norms, it was determined that that the thermal behavior of the envelope is reasonably energy efficient, with acceptable comfort levels without a need of heating during most of the year and with five months in which the energy demand for heating is fairly low. These values are achieved primarily with the building design and could be increased, so ideal values are reached, with a higher construction budget.
Thus, this case study is also useful to examine the scope and limits of design strategies to achieve energy efficiency in relation to materials and construction techniques adopted that are conditioned by budget restrictions and the availability of technology on site.
